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The present ™ enlcn , elales |Q g 
ufactunng a ll-V. Group compound sermccnducto™. 
*ce and a ll-V Group compound semiconductor devt e 
used as a t,gh,-emi«ing device, for examp,e. a cL-em" 
nng.aserd^e.b.ue^ 1 ^ i „ ingbsef ^ e w ™ 
l.ng d.od 9 . or blue light-emitting dode and morels 
te* .oame th odo,manu ( ac,L ga b^SSj 
type compound semiconductor from a lll-V Group, com- 
pound sem.conduc.or and a ll-V. Group compound 

S emcond U c t or,romb y cc P «g P - tV pecc^ 0 ur Kj smere 

into as tmpunties 

cpnS?" ^ blUe ,i 9 h, "« mi " i "9 elements have been 
generally conducted using ZnSe. which is a II-V1 Grout, 
compound. SiC. a IV-.V Group compound, or GaN. a ||, 
V Group compound. 

Ol the types of compounds mentioned above it was 
recent* tound ma, a gaUium ni„«e series compound 
[Ga,Af t . x N (where 0 s x a 1)| semiconductor exhibits 
excellent semiconductor hght emission at room temper- 

; Tz r a ; there ' ofe much at,enton is ™ 

to the GaN series semiconductor 
whicilnto ,i9h '; emi,,in 9 basiea,| y a structure in 
^ \ " VPe 0,p -' WW GaN series semi ~n- 

Ga.Af,.^ (where 0 S x s 1) are stacked in turn on a 
sapphire substrate. 

a III vn IT S6Vefal We,, ' kn0Wn me,hods ,or 9'owing 
ch l> a ? " COmP ° Und ' SUCh as ,he '"e'alorganic 
chermcal vapor deposition (MOCVD) method, the mr> 
lecular beam epitaxy method, and the hydride vapor 

method w,ll be brrefty described. In this method a met- 
alorgan.c compound gas serving as a reaction gas (for 
example, tnmethyl gallium (TMG). trime.hyl aluminum 
TMA) or ammonium) is introduced into a reaction con- 
£ner (vessel, in which a sapphire substrate isXS 
2T;«Tt ™^ min * »» e P««ia' growth temper* 

J Grouo el 35 9 °°; C - 1,00,C - a " «im of a l.l- 

V Group compound « grown on the substrate. By sup- 
pling surtable impurity gas during the growth of the fih, 
accord.ng to circumstances, a muftSayer made of the n- 
ype and p-type ,,,-v Group compound semiconductors 
can be manufactured In general. Si is a well-known n- 
type impurity; however in.the case ofaGaN series com- 
poundjsamiconductor. .here is a tendency for the eem- 

SEEL- "** ^ even 
without dopmg an n-type wpunty. Some of the well- 
known examples of p-type impurities are Mg and Zn 

There can be proposed a method described below 
as an ^proved version of the MOCVD method, when a 
lll-V Group compound semiconductor is directly epitax- 
al-grown on a sapphire substrate ata high temperature 
the surface condition of the crystals, and the crystallinity 
w.llbe extremely degraded. In orderto avoid this, before 
tne compound is grown at the high temperature, an AtN 
buffer layer is formed on the substrate at a temperature 


as bw as about SOO'C. ano ti»n ih. Mr ^, ,, 
.. , h „ k „ , u "- n decompound is grown 

on the buffer layer at a high tsT.pera.ure The lac, -r-at 

s r sh6 d^ e " nen,roned {echn ^ e is pu? 

Z 2Z9476 (US-A-5 122 845) Meanwhile, the authors of 
the present mven.ion diselosec in Japanese Patent An 
Plica,™ No. M9840 (EP-AO 497 350, p rc ,o 

formal " havi " 9 a bener can be 

'ormed when a GaN butter teyer is used ,J n ^L, 

conventual A(N buffer layer is used 

b,u^r m ablUe y '9 hl -°™"9 device emoloying a 
blue«lor.emm,ng elemenI ^ ^ £ 

« compound sem^duc.or has nol yefbeen deve ope"d 
as a pracca.device. This is because p-type II, V GrS 
compound semiconductor having a 

technques. and therefore a lignt-emitting element h™ 

ero. s«,g,e he«ero..e,c. cannot be manuLured In , 
case where an epitaxial m „ formed by the conven 
bonalchermcal vapor deposition method, even if the Him 
m grown while doping p.,ype .mpunties. « is impost 

IT* V Gf ° UP COmP ° Und semi ^'orS 
tenshc p-*pe And also a semi-insula.ion materia, hav- 
"gah.ghresist.vity of to^fi-cm or higher. i.e.. an i-typ* 
sem.conduc.or may be obuined. Consequently^ 
» ZZTJ* b,ue - ,i 9 h, - enlinin 9 elemen, having a s.ruc 
» ««'eo .hep^^nctiondiodecannotbeachieved buta 

zaa s r c,ure fe me 006 ^ st ^'^ 

i bulr emmin9 el6men '- h «™«U». 

form^ ^r n "' yPe ' i,m an '"'VP* a ^ 
formed on a s ubslrate in the mentioned order 

t-on No. 2-257679 d.scloses a method for reducing the 
1^^ 

jnto as possible to convert in,o a type close ,o a p-type 
one. In th,s method, a high-resistance i-type GaN corn- 
« pound semiconductor layer into which Mg was doped 
as a p-type ^purity is formedon ttie top of the multilayer 
of the GaM compound semiconductor. Then, while 

45 T„ ^.w eeC,WbeamShaV " 9a " areele «'i°nvo.l- 

? ^ ' 15 kV are i,radialed « ,h e surface so as . 
to reduce the resistance of the layers located in the sur- 
face portion within a depih of about 0.5 pm. However 
wrth thw method, reduction of .he resistance can be 
ach,eved only up to the point where electron beams can 
» reach a very thin surface portion. F ur ,h e , in the method 
the electron beams cannot be irradiated on the entire 
water wrule scanning the beams, and consequently the 
resstance cannot be uniformly reduced in the desired 
surface. Further, this method entails the problem of a 
* verylowreproducibility. it.. ihe resistance vaiuechano- 
es every time electron beam is irradiated to the same 
sample, with this method, it is impossible to constantly 
produce blue-light-emitting elements having a high effi- 
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ciency 

hl „h£ IT*- '? 9W M9<IOped GaN r,lms are 
highly p-type is further described m the art.de el S Na 

kamura et al. in Japanese Journal of Applied Physics 
vol. ». no. tOA. p art 2 (01 . 10 . 91) . pages U7r / 8 . * 

Study is being directed not only to lll-V Group com- 
pounds but also to l.-Vl Group compounds in order that 
they can be put into practical use. As in the case of the 
GaN compound production method, the chemical vapor 
deposition method such as the MOCVD can be usedTo 
form a ll-Vl Group compound semiconductor 

Growth of ZnSe by the MOCVD method will be brief- 
ly descnbed. In this method, a metalorganic compound 
gas (diethyl*™ (OEZ). hydrogen selenide (HjSe) etc ) 
is introduced as me reaction gas into a reaction vessel 
«n which a GaAs substrate is placed. Then, while main- 
laming the epitaxial growth temperature at about 350«C 
ZnSe is grown on the substrate. During the growth an 
appropnate impurity gas is supplied to the vessel to form 
an n-type or p-type ZnSe semiconductor. Examples of 
the type of substrate are GaAs and ZnSe. Further « 
is a well-known n-type impurity, and N is a well-known 
p-type impurity. 

However, as in the case of the before-menlioned p- 
type GaN compound, a sufficiently tow-resistance p- 
type ZnSe compound cannot be produced by this con- 
vennonal technique, and therefore a light-emitting ele- 
ment having various types of structure sueh as double 
hetero. angle hetero. etc. cannot be manufactured In 
the case where epitaxial-growing is performed by the 
conventional chemical vapour deposition method which 
doping p-type ^purities, the obtained ZnSe compound 
sem.conductor will be a compound havhg a high resis- 
tivity of 10»n.cm or higher. 

The purpose ol the invention is to provide an im- 
provement of a method of manufacturing a semiconduc 
tor element from a ll-Vl Group compound, or lll-V Group 
compound, which can be obtained by a doping p-type 
impurrty thereto, more specifically to a method of man- 
ufactunng a low-resistivHy p-type GaN compound sem- 
iconductor-elemenl having a uniform resistance value 
overs its entirety regardless of film thickness, and hav- 
ing a structure usable as a light-emitting element with a 
double or single hetero constSution. 

According to a first aspect of the invention, there is 

rr C ^!f^!l h0d0 ' manHl «*'*9 a P-type gallium ni- 
t«de semiconductor element by a vapour phase epitaxy 
method comprising the step of growing a gallium com- 
pound on a support, said support comprising at least a 
substrate, by using a reaction gas. whereby the reaction 
gas contains a p-type impurity and a source of hydrogen 
atoms, the hydrogen atoms being released from the 
source and bonding to the p-type impurrty, characterised 
m that the compound is annealed after growth at a tem- 
perature of 400"C or higher. 

According to a second aspect of the invention, there 
is provided a method of manufacturing a p-type ll-Vl 


Group compound semeonducior element by a cherr.cal 
vapour depos-tion method camping the s ep of grow 
mg a H-V. Group compouno on a substrate by u*n 5 a 
react'on gas. whereby the reaction gas conta.ns a p- 

,mPUn,y 3 S0uree 01 W°* e » *<™. *>e hy. 
droger .atoms behg released torn, the source and bono- 
■ng to the p-type impurity, and the compound is annealed 
after growth at a temperature ol 300*C or higher 

lr » accordance with the «ven!<on gallium nitride 

ductors. wh.ch conventionally cannot be convened into 
^-resistance p ' ,ype semiconductors even though o- 
*pe impurities are doped thereinto, can be converted 

-5 vll r feS ! ,anCe p -' ype Se ™™°'S w«h high 
y eld. Accord.ngry. events having various types of 
structure can be produced at a high yield. 

Further, with the conventual electron-beam irradi- 
ation method, reduction of the resistance can be 

layer. In the mvention, the entire portion of the p-type- 
•mpurrty^Joped gaflium compound semiconductor or the 
ll-Vl Group compound semiconductor can be converted 
into P-type, uniformy within the surface area as well as 

zs ,™ direCti0n - addi,ion - ft « P°«*«> lo 

* form thek layers of these semiconductors by this melh- 

od. and therefore blue-light or green-light emrtling ele- 
ments with a high level of brightness can be manutac- 
lured. 

30 th, wi? C3n bS more ^ ^erstood from 

*> the foltowmg detailed description when taken in con- 
junction with the accompanying drawings, in which. 

% 1 is a graph showing the relationship between 
the temperature for annealing and the resistivity of 
a compound annealed at the temperature; 
Fig. 2 is a graph showing the relationship between 
the wavelength and the relative intensity of the pho- 
toluminescence of the compound semiconductor 
Fig. 3 is a graph showing the relationship between 
the wavelength and the relative intensity of the pho- 
tolumtnescence of a compound semiconductor hav- 
ing a cap layer; 

Fig. 4 is a graph showing the relationship between 
the surface temperature of a gaflium nitride com- 
pound semiconductor layer during electron-beam 
trracfiaton and the resistivity thereof annealed at the 
temperature; 

Fig. 5 is a graph showing the relationship between 
the surface temperature of a p-type gallium nitride 
compound semiconductor during electron-beam ir- 
radiation and the relative intensity of the photolumi- 
nescence of the compound semiconductor irradiat- 
ed at the temperature; 

Fig. 6 is a graph showing the relationship between 
the surface temperature of a p-type gallium com- 
pound semiconductor having a cap layer during 
etectron-beam irradiation and the relative intensity 
f the photbiuminescence of the compound semi- 
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conductor irradiaietj at the temperature, and 
Fig. 7 .$ a graph showing the relationship between 
me anneaing temperature ol a p-type .mpunty 
oopea ZnSe compound semiconductor layer and 
the resistivity thereof annealed at the temperature 


The present invention is to provide an hmroved 
me*od of manufacture a p . typa compound ™ P ™ d 

ccn,™^ t0 m ? reSenl iOVemi0fl 3 
compound semconductor or a ll-Vl graup com d 

semiconductor can be manufactured as a p-<ype com- 
pound semiconductor. 

Further, according to the invention, each layerof the 
compounds is formed by the vapor phase epitaxy moth- ' 
od. and then the formed layer is annealed at a prede- 
termmed temperature, while each layer is irradiated with 
electron beams, with the surface temperature of the lay- 
er being kept at a predetermined temperature 

The first aspect-of the invention provides a method 
ofmanufacturing a p-iype impurity doped gallium nitride 

. SemiCOndUC ' 0r by a vao0f P" as « epitaxy 
method, wherein after forming p-ty P e impuriUes doped 
compound layers, the formed layers are annealed at a 
predetermined temperature. 

In this method, the annealing step is carried out at 
a temperature of 400»C or higher. The annealing tern- 
perature .s preferably 600«CM200'C. The annealing 

^ P , e , rt T ed 31 Wer 1200 ' c ' but «• may cause 
high cost. In tne annealing step, the temperature within 
he above-mentioned range is fixed constant, and the 
nmeis not less than 1 minute, preferably 10 minutes or 

Even if the annealing temperature is 100CC or 
h-gher. decomposition of the compound can be prevent- 
ed by pressurizing the compound with nitrogen Thus 
P-type gallium nitride compound semiconductors each 
havmg an excellent crystallinity can be stably obtained 
Fig. I shows a property of a p-type-impurity-doped 
GaN S e r ,es compound semiconductor, and is a graph 
showing the relatonship between an annealing temper 
ature and the resistance value of the GaN series com- 
pound semiconductor annealed at the temperature As 
can be seen in Fig. ,. the high-resislivity GaN series 
compound semiconductor can be converted into a low- 
resHstivity p-type impurity compound semiconductor by 
artneahng. m the graph, the resistivity obtained by the 
Hall measurement on the annealed GaN series com- 
pound semiconductor is plotted as a function of the an- 
nealrng temperature. The used GaN series compound 
semiconductor was formed by growing a GaN buffer lay- 
er on a sapphire substrate by the MOCVD method fol- 
lowed by formation of a 4 um-thick GaN layer on' the 
buffer layer while doping Mg thereinto as a p-type impu- 
niy. The data plotted on Fig. 1 were obtained as results 
of annealing the substrate having these layers in a ni- 
rogen atmosphere for 10 minutes at various tempera- 
tures using an annealing equipment. 


done? 1TL U " S 9faph - ,1e °' *9- 

doped GaN layer sharply d ^ 9 

where the temperature exceeaed400- C When the£m 
perature was increased to higher than 700'C. the GaN 

Vpe Property. ^ eftee( ^ m » ' 

H« "a" measurement was carried out for 

700«r ° anneaSn9 and a " 9 ' annealing at 

700 C or h,gher. Before annealing, the GaN layer 1ad 

l,?S, 0, l X 10Sn -^aho. e carnerdens J 
of 6 x 10'0/cmO ^ efeas afteranf , ealjn m 1 

res^vrty of 2 ^ and . hole ear J dens ^' * 
10 /cm'. F,g. , shows a case of only the GaN layer 
» Si ^""^ed ma. a p-N-pe-impurny-doped 
kf' ( ° S X S 11 a,so " h '°" s a similar result 
Next, the 4 um-lhick GaN lay* annealed at 700'C 
was etched to reduce the thickness thereof to 2 urn. and 
me Hall measurement was performed for me GaN layer 

of 3 n-cm and a hole carrier density of 2 x 10'W 
wheh were very close to those of the same GaN layer 
before etch.g. Fr0fn „. fesuRs , ^ be ^ layer 

that a p-type mpurity doped GaN layer having an uni- 

2S Z< ^ WfeS,S ^ i,yin,heemife a«aandinthe.nickness 
** direction, is-obtained by annealing 

^Annealing of the p-type-impurity-doped GaN series- 
compound serrwconductor layer may be conducted in 
the reaction vessel after formmg the layer, or in an an- 
nea ing equipment after transfermg me substrate hav- 
*> ng me compound semiconductor layer from the reac- 
tion vessel thereinto. 

The annealing may be carried out in a vacuum or 
« an N atmosphere, or in an inert gas atmosphere of 

* mt» ™ » e Kke ' ° r an a,R,0Sphere of a °< 
S *!T M0 " Pre ' erably *• annea, "9 «"ou.d be 
performed m a nitrogen atmosphere which is pressu- 
nzed to a level or higher of the decomposition pressure 
or the GaN compound semeonductor at the annealing 

« ST W " h the nilf09en a,mos P he ^ P^suri 2 
Tmk ^POund semiconductor, decomposition 

of the compound and split-off of N therefrom during an- 
neaing can be prevented. 

For example, in me ease of GaN, the decomposition 

4s o^ a s 0 ; u .r ,sa K bou, 1013 kPa (001 aim ' 31 a *"«••»«• 

« of 800-C. about 101.3 MPa „ al m) at 1000'C. and 
about i013MPa (10 atm)at UOO'C. Consequence 
GaN senes compound semiconductor is annealed at 
400 c, some decomposition may occur during anneal- 
so !I g .K ^°.', C - " decom P° si,i °n occurs, me crystallinity 
of me GaN compound semiconductor tends to be de- 
graded. Therefore, as stated before, the decomposition 
can be prevented by maintaining a pressure ol the ni- 
trogen atmosphere no lower than me decomposition 
pressure at me annealing temperature. 
55 Fig. 2 is a graph showing me difference in crystal- 
Hnily between GaN series compound semiconductors 
one of which annealed under a pressurized condition 
and me other under an atmospheric pressure condition 
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Each GaN senes compound semiconductor ,s prepared 
by formwg a GaN butter layer and a Mg-doped 4 m . 
thick GaN layer on sapphire substrale. and annealing at 
10OO-C m a nitrogen atmosphere for 20 minutes under 
2027 MPa (20 aim) of a pressunzed condition, or in an 
atmospheric pressure condition. The p-type GaN layers 
were irradiated wflh He-Cd laser beams from He-Cd la- 
ser beam sour:* as an excitation light beam source so 
as to measure ^tensity photolumhescence as an 
evaluation of the crystallinity. The evaluation is based 
on the fact, i.e.. the higher (he blue-light-emitting in-en- 
sity of the photoluminescence at 450 nm. the higher the 
crystalliniry. In Fig. 2. a curve 20! indicates the property 
of the p-type GaN layer annealed under a pressure of 
2027 MPa (20 aim), and a curve 202 indicates the case 
ol annealing a! atmospheric pressure. 

As is clear from Fig. 2. in the case where annealing 
is earned out at a temperature ol 1000'C or higher a 
GaN layer is decomposed by heat to tend to be degrad- 
ed the crystallinity. However, such heat decomposition 
can be avoided by pressurizing the GaN layer, and thus 
a p-type GaN layer having a good crystallinity can be 
obtained. 

The GaN series compound is preferably represent- 
ed by general formula Ga^N (where 0 S x s 1 ) or 
represented by general formula Ir^Ga^N (where 0 S 

Moreover, a cap layer may be formed on (he p-type- 
impurity-doped GaN series compound semiconductor 
layer before annealing so as to prevent decomposition 
ol the GaN compound during annealing. The cap layer 
serves as a protective layer, .f the cap layer is formed 
on the compound semiconductor followed by annealing 
the compound semiconductor at 400*C or higher, de- 
composition ihereol can be avoided even it annealed 
not only in a pressurized state, but also, a pressure* 
reduced condilion. or atmospheric condition. Thus a p- 
type GaN compound semiconductor having a low resis- 
tivity and a high crystallinity can be obtained 

The cap layer may be formed in the reaction vessel 
following forming the p-type-impurity-doped GaN series 
compound semiconductor. Or the substrate having the 
GaN series compound semiconductor may be trans- 
ferredfrom the reaction vessel into a crystal growing 
method euch as a plasma CVD device or the like, so as 
to form a cap layer on the serniconductor. 

The cap byer may be made of an arbitrary material 
as tang as it is formable on the GaN compound, and 
stable even at a temperature of 400'C or higher. Pref- 
erable examples thereof are G^M, „N (where 0 S x S 
1 ). Gayln^N (where 0 S y S 1 ). Si^, end SO,. Which 
is the most preferable material depends upon the an- 
nealing temperature. 

Usually, the cap layer should have a thickness in 
he range of about 0.01-5 m . If the cap layer is thinner 
than 0.01 um, the advantage as a protection layer can- 
not be sufficiently obtained, whereas if thicker than S 
urn. n takes a lot of work to remove the layer to expose 


the p-type GaN senes compound semiconductor alter 
annealing. ,.e . not economy With me conventional 
electron beam irradation method. GaN m the upper- 
most layer is decomposed, cegrading the crystaOmitv. 
and therefore sufficiently brigh.ligh. cannot be expected 
from (he manufactured blue-light emitting element 
However, such decomposition of GaN can be effectively 
prevented by the cap bye, bke-Kght emitting dements 
each having a hl gh brightness can be manufactured a. 
10 a mgh yield. 

SiC * TTT may be made omer than w«. 

5iC. Si. or the like. 

Examples of the p-type wpunty are Zn. Cd. Be Mo 

wfl, and os 3 ' 

" ,„ , Fi9 ,' ,r ' S a u 9faph Sh0win9 com P*'*™ with regard 
to crystal!^ between a cap-layered GaN compound 
semiconductor conductor and an ordinary GaNsenes 
compound having no cap layer. As can be seen in this 

» S k, J * SeriSS se ™°n««cor having 

8 GaN bufler "V*' ■*» * Mg-doped 4 (im-mick GaN lay 
erformedon a substrate (curve 301 ) and the GaN series 
compound semiconductor further covered by a 0 5 um- 
thick AfN layeras the cap layer (302) are compared with 
each other. Each of the semiconductors was prepared 
by annealing it in a nitrogen atmosphere of atmospheric 
pressure at 1000'C to, 20 minutes, and etchhg the cap 
layer therefrom to expose the GaN series compound 
semiconductor. Then, the intensity of photolumines- 
cence of each semiconductor was measured 

As shown in Fig. 3. in the p-type GaN layer an- 
nealed without a cap layer, the compound is decom- 
posed greatly in high-temperature annealing (see curve 
30U resulting in a bw intensity of light emission at 450 
nm. On ihe other hand, in the cap-layer-formed (AIN 
* byer) p . lype GaN layer, decomposition occurs only to 
MN of the cap layer, and the p-type GaN layer remains' 
merelore the light emitting intensity is maintained as 
high as a level of not decomposed low sensitivity p-type 

« The reason why a low-resistMty p-type GaN series 
compound semiconductor can be obtained by annealing 
is assumed as follows* 

For growing a GaN series compound semiconduc- 
tor layer. NH 3 is generally used as an N source. During 
the growth. NH 3 is decomposed to atomic hydrogens 
These hydrogen atoms bond toMg, Zn. or ihe like doped 
as an acceptor impurity to prevent the p-type impurity 
from acting as an acceptor. Therefore, a GaN compound 
semiconductor into which a p-type impurity is doped ex- 
50 harts a high resistivity. 

However, during annealing after growth of the lay- 
ers, hydrogen bonded to Mg or Zn in the form of Mg-H 
or Zn-H is released therefrom by heat. Thus, hydrogen 
leaves the p-type-impurity-doped GaN series com- 
pound semiconductor, and the p-type impurity such a's 
Mg or Zn now free from hydrogen can act normally as 
an acceptor. Accordingly, a taw-resistivity p-type GaN 
series compound semiconductor can be obtained. For 
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lhereascnsta.ee above. use of a gas coma,ning hydro- 
gen atoms such as NH 5 . H,. or me like dunng an an- 
neal.no atmosphere is not preferable For trie same r ea . 
• son as above, materials containing hydrogen should not 
be used for the cap layer. 

After growing the p-type impurity doped compound 
semiconductor layer, electron beams may be irradiated 
on the semiconductor layer while maintain the sur- 
face temperature thereof at 600'C or higher 

For electron beam irradiation, electron beam irradi- 
ation equipment (for example. SEM) may be used 
which has a sample chamber, and a heating stage 
placed m the chamber The irradiation may be carried 
out while heating by such as a heater the p-type GaN 
series compound semiconductor so as to maintain the 
surface temperature Ihereof at 600'C or higher Other- 
wise, ihe compound semiconductor may be irradiated 
with electron beams ol an acceleration voltage in Ihe 
range of 1 kV - 30 KV to maintain the surface tempera- 
ture of the p-type GaN series compound semiconductor 
at 600*0 or higher. 

Fig. 4 is a graph showing the relationship between 
the surface temperature ol the GaN series compound 
semiconductor and the resistivity ,n the case where the 
compound semiconductor is treated with electron beam 
irradiation. The GaN series compound semiconductor 
ayer employed had the structure in which a GaN buffer 
layer was formed on a substrate, and an Mg-doped p- 
type GaN layer was formed on the buffer layer The p- 
type-mpurity^oped GaN series compound semicon- 
ductor layer obtained was irradiated with electron 
beams havmg an acceleration voltage of 15 kV Durina 
the irradiation, the temperature of Ihe heating stage was 
varied, and the surface temperature of the p-type GaN 
ayer was measured by a pyrometer. The measured 
temperatures and corresponding resistivities are plotted 
<n the graph shown in Fig. 4. As is clear from Fig. 4. when 
the surface temperature of the semiconductor layer was 
somewhere between room temperature and 400"C the 
resistivity was as high as 10« (l<m. Around a surface 
temperature of 400'C. the resistivity began to decrease 
rapidly, and at 700-C. it was as low as 2.0 O-cm. Al 
600 C. the resistivity was still as high as 200 O-cm. and 
naturally, under 600'C. the resistivity was higher. In or- 
der to avoid this, the surface temperature of the GaN 
series compound semiconductor during electron beam 
irradiationshouldbeintheran9eof600*C-1200*C The 
irradiation can be performed at over 1200*C but this 
may cause high cost As stated above, accordhg to the 
second aspect of the invention, there can be provided 
a stable low-resistivity p-type GaN series compound 
semiconductor layer at a high yield. 

In the meant™, if the electron beam irradiation is 
carried out at a temperature of 60CTC or higher, decom- 
position occurs in the surface portion of the GaN series 
compound semiconductor to form a number of nitrogen 
vacancies, degrading the ciystalBnity of the semicon- 
ductor layer. In order to explain this phenomenon. Fig 


10 


5 shows the relator^ between the surface tempera- 
ure °' 9,6 P-*VP* GaN senes compound semiconductor 
layer dunng the electron beam irradiation and the ,r. ;en - 
sityolphotolurnmescence Here, onto a p-type GaN lay- 

va * a SUbSlra,e - e ' eC,ron beam ifradia "°" **• 

various spot dimeters is carried out so as to gradually 

raise the surface temperature of me p-type GaN bye' 

Further, at several predetermined temperatures. He-Cd 

laser beams were irrad.ated on the p-type GaN layer 

™J H Ph0,0,umin ««"« io'ensny a. 450 nm was 
measured at each temperature. Thus. F,g. 5 is a graph 
showing the intensity of photoluminescence as a lure- 
Hon of the surface temperature of the GaN compound 
As is clear from the figure, when the temperas 
"« e J f?. me intensity ol blue-ligh, emission 

g^ua.lydecreases.Thereasonwhytheintensityoime 
blue-light ermsscn decreases is that the crystalling of 
he semiconductor is degradeddue to decomposi.on ol 
GaN n the surface portion. Naturally, a blue ligh.-emit- 
» ting element formed usfcg a sampte having such a low 
intensity of light emission does not emit bright light 

In consideration of the above, the authors of' the 
presen, m venIion (ouf)d , ha , oecomposjtion Q( 

GaN dunng electron beam irradiate can be prevented 
by proving a cap layer on the surface of the p-type 
GaN byer. The cap layer serves as a protection layer 
for the p-type GaN series compound semiconductor 
The material of this cap layer is arbitrary as long as 

30 IT.^ 9 T me SUrfaC8 °' ^ GaN ^nd 
*> fairly stable at a temperature of 600'C or higher Pref- 
erable examples of the material are Ga.Af, N (0 < x 

,hVL lnr f a ^J° s y s Si0 * S * N «- etcX u *^y. 

the cap layer should have a thickness in the range of 
about 0.01-5 urn. preferably 0.0m pm. If the cap layer 
* is thinner than 0.01 urn. the advantage as a protection 
layer cannot be sufficiently obtained, whereas if thicker 
than 5 urn, it takes a lot of work to remove the layer to 
expose the p-type GaN series compound semiconduc- 
tor after annealing. i.e., not economical. 

40 «. F * 6 isaflrap,,shovvin 9 the relationship between 
me surface temperature of a cap-teyer-provktedp-type 
Mnes compound semiconductor, and the intensity 
of photoluminescence in the case where the semicon- 
duetor is treated by electron beam irradiation. AO 1 jim- 
« thick SOj layer was formed on the p-type GaN com- 
pound semiconductor as a protection layer, and elec- 
tron-beam irradiation was carried out to the compound 
semiconductor through the cap layer. Then, the cap lay- 

«wasremovedbyetching.andlhephotoluminescence 
intensity of the exposed p-type GaN layer was meas- 
ured. The graph shown in Fig. 6 shows the photolumi- 
nescence intensity as a function of the temperature As 
is apparent from Fig. 6. the intensity of 450 nm-fighl 
emission was not deteriorated at a temperature of 
« 600'C. proving that the cap layer acted effectively to 
suppress the decomposition ol GaN. 

The reason why a low-resistivity p-type GaN series 
compound semiconductor can be obtained even in the 
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electron beam irradiation at a temperature of 600'C or 
h,gher ,s substantia,^ the same as that stated in con- 
nection with the hnl aspect of the mention. Although a 
p-type-mpuriy^opet, GaN series compound semiCon . 
ductor exhibits a high resistivity, hydrogen bonded to Ma 
or-Zn n the form ol Mg-H or Zn-H is released (herefrom 
by heat when the semiconductor is heated over 60CC 
especially 700'C or higher. Thus, hydrogen leaves the 
p-type-impurity -doped GaN series compound sem.con- 
cuctor. and the p-typ e impurity such as Ivtg or Zn now 
tree from hydrogen can act normally as an acceptor Ac- 
cordmgly. a low-resistivity p-type GaN series compound 
semiconductor can be obtained. 

The second aspect of the invention is directed to a 
method ot manufacturing a p-type II-V1 Group com- 
pound semiconductor element by a chemical vapour de- 
composition method, comprising the step of annealing 
the grown compound at a temperature ol 300"C orhich- 
er. 3 

As stated, the annealing temperature is preferably 
300-C or higher. The annealing step may be carried out 
with keeping an annealing temperature constantly for at 
least i minute, preferably 10 minutes or more. 
. . The annealing may be carried out in a vacuum or 
■n an N 2 atmosphere, or in an inert gas atmosphere of 
He. Ne. Ar or the like, or an atmosphere of a mixture of 
these gases. Most preferably, the annealing should be 
performed in a II Group gas atmosphere, or VI Group 
gas atmosphere, or an atmosphere of a mixture gas 
thereof which is pressurized to a level or higher of the 
decomposing pressure for the ll-VI group compound 
semiconductor at the annealing temperature, it such 
pressuredll Groupgas, VI Group gas. or mixture atmos- 
phere is used for annealing the ll-VI compound semi- 
conductor, decomposition of the compound during an- 
nealing can be prevented. 

As in the first aspect ot the invention, a cap layer 
may be provided on the p-type-impurity-ctoped ll-VI 
Group compound semiconductor layer so as to prevent 
decomposition of the compound by heat Similarly, the 
cap layer serves as a protection layer. When the cap 
layer a formed on the compound semiconductor de- 
composition thereof can be avoided during annealing, 
regardless of the pressure state, i.e. not only in a pres- 
sures condition, a pressured-reduced condition, or at- 
mosphere condition. Thus, a p-type ll-VI Group com- 
pound semiconductor having a low resistivity and a high 
crystaOnity can be obtained. 

The cap layer may be made of an arbitrary material 
as long as it is formable on the ll-VI group compound 
and stable even at a temperature of 30O«C or higher 
Preferable examples thereof are a ll-VI Group com- 
pound semiconductor. SijN,, and SO,. Which is the 
most preferable material depends upon the annealing 
temperature. The cap layer, usually, should have a thick- 
ness in the range of about 0.01 -5 urn as in the first and 
second aspects of the invention. 

The p-type impurity may be at least one of N. U and 


Pig. 7 is a graph showing the relatonship between 
trie annealing temperature arw the resistivity ol a ZnSe 
compound semiconductor into which nitrogen atoms (,N) 
are doped as a p-typed impurity As is clear from Fig 7 
tne ZnSe compound semiconductor layer was become 
a tow-resistivity p-type layer by annealing. The ZnSe 
compound semiconductor used here was obtained in 
the following manner. A 4 jun-.hiek ZnSe was formed on 
a GaAs substrate while dopir.g N into the layer m a 
stream o, NH 3 as a source o, a p-type ^ ln m ," 
same manner as described above some samples of 
ZnSe layers were obtained. Thus obtamed ZnSe com- 
pound semeonductors were ar.nealed for 1 0 minutes at 
vanous annealing temperature respectively ,n an nitro- 
gen atmosphere. The Hall measurement was conduct- 
ed on the annealed ZnSe compound semiconductor lay- 
er. to obtain the resistivity thereof. The graph shown in 
F.g 7 shows the resistivity as a function of the annealing 
*° temperature. a 

As is apparent from this figure, from an annealing 
ternperalure of 300'C on, the resistivity of the looped 
ZnSe layer sharply dropped. When the annealing tem- 
perature increased at 400'C or higher, a substantially 
constant low-resistivity p-type property was exhibited 
;ndcating the effect ot annealing. For comparison, the 
Han measurement was conducted on a nol-yet-an- 
nealed ZnSe layer, and the ZnSe layer annealed at 
400 C or higher. The results showed that the ZnSe layer 
before annealing exhibited a resistivity of 600fi.cm and 
a hole carrier density of 1 x 10'W. whereas those 
propert.es of the ZnSe layer stter annealing were 0 B 
n-cm. and 1 x 10'W. respectivey Although this fig- 
ure shows the case ol ZnSe. it was found that the similar 
resufts can be obtained in corneclion with p-type-impu- 
nty-doped ZnS. CdS. CdSe or a composite crystal 
thereof. 

Further, the 4 um-thiek ZnSe layer annealed at 
400'C was etched to reduce the thickness to 2 pm and 
«> the Hall measurement was carried out. The hole carrier 
density and resistivity were 0.7 fl-cm. and 1 x l0»«/cm3 
respectively, which were substantially the same as 
those of the layer before the etching. Thus, ft can be 
concluded that a p-type-impurity-doped ZnSe layer is 
« converted by annealing into a layer having a uniform 
low-resistivity and p-type properties over the entire area 
and in the thickness direction. 

The second aspect of the invention may further 
comprise the step of irradiating electron beams on the 
grown compound while maintaining a surface tempera- 
ture of said compound at 300*C or higher. 

The surface temperature is maintained preferably 
at a range of temperature of 400 to BOO'C or higher 
however, when itexceeds 800'C, the compound semi- 
** conductor tends to be degraded. 

Electron-beam irradiation is carried out usually at a 
acceleration voltage of 1 kv - 30 kv. and an SEM, EPM, 
etc. may be used as an electron beam irradiation device! 
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An N^doped Zn$e semiconductor film grown by the 
MOCVD method as same as above was placed in an 
electron beam irradiation devte. and irradiated with 
electron beams ol an acceleration voltage of 10 kV while 
maintaining the surface temperature at 400 a C Before 
the .rradiation. the resistivity and hole earner density of 
. the ZnSe layer were 500 Stem, and 1 x lO'W re- 
spectrvely. whereas those ol the layer after the irradia- 
tion were 0 3 fi-cm. and i x 10' W, respectively 

The reason why a low-resistivity p-type ll-vl Group 
compound semiconductor can be obtained by annealing 
or electron beam irradiation tn the third or fourth aspect 
is assumed as follows: 

For growing a II-VI Group compound semiconduc- 
tor layer. NH 3 is generally used as a source of N which 
serves as a p-type dopant. During the growth NH 3 de- 
composes to release atomic hydrogen. These hydrogen 
atoms bond to N doped as an acceptor impurity to pre- 
vent N from serving as an acceptor. Therefore a ll-Vl 
Group compound semiconductor into which a impurity 
N is doped exhibits a high resistivity. 

However, during annealing or after growth of the 
layers, hydrogen bonded to N in the form of N-H may 
be released therefrom by heat due to annealing Thus 
hydrogen leaves the N-doped II-VI group compound 
semiconductor, and such nitrogen now free from hydro- 
gen can act normally as an acceptor. Accordingly a low- 
res.stivity p-type ll-V Group compound semiconductor 
can be obtained. For the reason stated above, naturally, 
use of a gas containing hydrogen atoms such as NH,' 
H 2 . or the like during an annealing atmosphere is not 
preferable 

In the meantime, most preferably, the electron 
beam irradiation may be carried out at an acceleration 
voltage of 1 kV - 30 kV so as to achieve a low resistivity 
with the highest reproducibility. If the acceleration volt- 
age is lower than 1 kV. the energy of the electron beams 
tends to not have a level sufficient lo release hydrogen 
atoms, whereas if it exceeds 30 kV. the electron energy 
gets so large that the sample temperature is raised too 
high even if the emission current is low. If the sample 
temperature is too high, the sample itself is broken, mak- 
mg it difficult to control the state of the sample 


Thereafter, the supply 0 I tne TMG gas was steppeo 
and the substrate was again r.eated up to 1030«C Onto 
the GaN buffer layer, the TMG gas was agam mtrocu-ed 
at 54 x 10-* mol/min, and Cp 2 Mg (cyclopentadienyl- 
magnesium) gas was newly added at 3 6 x 1 0* moi/ 
mm for 60 min.. and th us an Mg-copedGaN layer having 
a thickness of 4 pm was grown on the GaN buffer layer 

After coolmg down, the substrate now having the 
above-descnoed layers was taken out ol the reaction 
vessel, and transferred into an annealing device where 
these layers were annealed * a nitrogen atmosphere at 
atmosphere pressure and 600'C for 20 minutes 

A Hall measurement was conducted on the an- 
nealed Mg-doped GaN layer The result Seated ^ai 
the Mg<joped GaN layer hac good p-type characlens- 


20 


Embodiment 2 


A GaN buffer layer and Mg-doped GaN layer were 
grown as in Embodiment 1 . Then, supply of the Cp-Mg 
gas was stopped, arid a 0.5 um-thek-GaN layer was 
grown thereon as a cap layer 
2$ As in Embodiment 1. these layers were annealed in 
a mtrogen/argon mixture gas at atmospheric pressure 
and 800-C for 20 minutes in an annealing device Then 
etehng was performed on the substrate lo remove'the 
as nm-thtck-cap layer from the surface portion, and 
*> thus the Mg-doped GaN layer was exposed A Hall 
measurement was conducted on the annealed Mg- 
doped GaN layer as in Embcdiment i The result indi- 
cated that the Mg-doped GaN layer exhibited good p- 
type characteristics, i.e.. a resistrvify of 2 n-cm and a 
& hole carrier density of 1.5 x 10* W. Further the in- 
tensity of blue-light emission of photoluminescence at 
450 nm was aboul 4 times as much as thai of the GaN 
layer obtained in Embodiment 1 . 

40 Embodiment 3 


Embodiment 1 

A sapphire substrate was wefl washed, and placed 
in the susceptor in the reaction vessel. After creating a 
vacuum in the container, the substrate was heated at 
1050°C for 20 min in a stream of hydrogen gas so as to 
remove an oxide present in the surface of the substrate 
Then, the substrate temperature was cooled to 510°C 
At a temperature of 51CTC. TMG gas serving as a Ga 
source was introduced to the substrate at 27 x i o* moV 
min., and so were ammonia gas serving as an N source 
at 4.0 Imicn., hydrogen gas serving as a carrier gas at 
2.0 l/min, soas to grow a GaN buffer layer havhg a thick- 
ness of 20nm on the substrate. • 


A GaN buffer layer and Mg-doped GaN layer were 
grown on a substrate as h Embodiment 1. Then, the 
substrate was transferred from the reaction vessel to an 
« annealing device. These layers were annealed in a ni- 
trogen gas at a pressure of 2027 MPa (20 atm), and at 
a temperature of 800'C for 20 minutes in the annealing 
device. A Hall measurement was conducted on the an- 
nealed Mg-doped GaN layer. The result indicated that 
so the Mg-doped GaN layer exhibited good p-type charac- 
teristics, i.e., a resistivity of 2 fl-cm and a hole carrier 
density of 2.0 X 10' W. Further, the intensity of blue- 
light emission ol photoluminescence at 450 nm was 
about 4 times as much as that of the GaN layer obtained 
55 in Embodiment 1. 
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Embodiment 4 


16 


A GaN butter layer and Mg-doped GaN layer mre 
grown on a substrate as in Embodiment i Then the 
substrate was transferred from the reaction vessel to a 
plasma CVD device, where a 0 5 jim-ihick-SiQ, layer 
serving as a cap layer was formed on the looped 
GaN layer. s-"«f=u 

Alter that, the substrate having these layers thereon 
was put in an annealing device, where these layers were 
annealed in a nitrogen/argon mature gas at atmospher- 
ic pressure and 1000'C for 20 minutes. Then, the SO, 
cap layer was removed with hydrofluoric acid to expose 
the Mg-doped GaN layer. A Hall measurement was con- 
ducted on the annealed and Mg-doped GaN layer The 
result indicated that the Mg-doped GaN layer exhibited 
good p-type characteristics, i.e.. a resistivity of 2 tlon 
and a hole carrier density of 2.0 x lO'Vem* 

For comparison, an Mg-doped GaN layer was 
•armed on a substrate in the same manner as described 
above except that no cap layer was formed. It was found 
hat the Mg-doped GaN layer, with a cap layer formed 
thereon while annealing, exhibited about 20 times as 
much .ntensily of blue-light emission of photolumines- 
cence at about 450 nm as that of the Mg-doped GaN 
layer annealed without a cap layer formed thereon 


a forward voltage ol 5V. at a !crwa:d current 0 f 20 mA 
The exhibited Bght- em ,ttin S out 3 ut ol the olue-ligh. em,t- 
ling dode was as h,gh as never reporteo oetore 

* Control 1 

A light-emitting d.ode havmg a smdar single hetero 
structure to ma. of Embodiment 5 was manu.ae.ured « 
io ^ZT i manner t0 01 5 except tha, ,n 

6ght.emm.ng dode exhibitec a forward voltage ol as 
high as 60V for a forward current of 20 mA. A slight yel- 
tow-like color fight emission was generated, but the * 
ode was broken as soon as it was turned on Thus the 
light emssion output could not be measured 

Embodiment 6 


Embodiment 5 

A GaN buffer layer and Mg-doped GaN layer were 

grown on a sapphire substrate as in Embodiment 1 and 
then SU pp| y 0 , me CpjMg ggs wgs ^ ^ 

TMA gas and SiH 4 (monosilane) gas were newly intr* 
duced at 6 x 10-i« mol/min. and 2.2 x iO-io mol/min 
respectively, for 20 minutes so as to grow a 0.3 urn-lhick 
S.-doped n-type Ga 0 9 A< 0 l N layer on the Mg-doped 

GaN layer. 

Supply ol the TMG gas. TMA gas. and SiH, gas was 
stopped, while introducing hydrogen gas and ammonia 
gas, the substrate was cooled down to room tempera- 
ture. Then, the substrate now having these layers was 
transferred from the vessel into an annealing device 
where these layers were annealed in a nitrogen/argon 
mixture gas at atmospheric pressure and 700*C for 20 
minutes. 

Thus, an element having a single hetero structure 
was obtained. Le.. a p-type GaN layer, and an n-type 
Qa o*« ai N layer were formed on the sapphire 

^apartofn-typeGao^.Nlayerwasetched 
by a general method so as to expose a part ol p-type 
GaN layer. Then, an ohmic electrode is provided for 
each of the layers, and the element was cut into chip- 
ike pieces by a dicing saw. Each ol the electrodes were 
taken out from the n-type and p-type layers exposed on 
each chtp. Each chip was molded into a blue-light emit- 
ting diode. The obtained light-emitting diode exhibited 
characteristics. i.e.. blue-light emission with a peak 
wavelength at 430 nm. an output power of 90 uW. and 


A 20nm-thiek GaN buffer layer was grown on a sap- 
*» phire substrate as in Embodiment 1. 

Then, supply of the TMG gas was stopped, and the 
temperature was raised to 1030'C. After that. TMG oas 
was introduced at 54 x io* mol/min. and SiH, (mon- 
osilane) gas was newly introduced at 2.2 x 10-10 mol/ 
am. for 60 minutes so as to grow a 4 um-thick Si^Joped 
n-type GaN layer on the GaN buffer layer 

Ne*-s«PplyoftheSiH.oaswasstopped.andwhile 
introducing a stream of Cp 2 Mg gas at 3.6 x iO-« moV 
min for 30 minutes, a 2.0 u-thick Mg-doped GaN layer 
30 was grown. ' 

After that, supply of the TMG gas and CpjMg gas 
was stopped, and in a stream ol hydrogen gas and am- 
monia gas. the layers formed on the substrate were 
cooled down to room temperate. Then, the gas stream 
«n the reaction vessel was replaced with lhat of nitrogen 
gas. in a stream ol nitrogen gas. the temperature in the 
reaction vessel was raised to 1000'C. and held at the 
temperature lor 20 minutes, to carry out annealing ol 
these layers. . 

40 A light-emitting diode was made from the element 
soobtained as in Embodiment 4. and the light-emitting 
diode was turned on. The diode generated blue light with 
a light emission peak at 430 nm. and exhibited charac- 
tenstics, i.e.,-an output power of SO u.W at 20 mA and a 

« forward voltage of 4V at 20 mA 

Control 2 

_ A light-emitting diode having a similar homo GaN 
» structure was manufactured in a similar manner to that 
of Embedment 6 except lhat annealing was not carried 
out. The obtained light-emitting diode exhibited a for- 
ward voltage of as high as 40V at a forward direction 
current of 20 mA. A slight yellow-like color light emission 
» was generated, but the diode was broken as soon as it 
was turned on. Thus, the light emission output could not 
be measured. 

The following are embedments in the case where 
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the grown GaN compound layer was treated with elec- 
tron beam irradiation. 

Embodiment 7 

As in embodiment l, a GaN buffer layer havSnq a 
thickness of 250A was gr0 wn on a substrate 

Thereafter, supply 0 f the TMG gas was stopped 
and the temperature o! the substrate was again raised 
up to 1030'C. Onto the GaN buffer layer, the TMG oas 
was again introduced at 54 x 1 0+ melanin, and Cp 5 Mg 
(cyctopentadienylmagnesium) gas was newly intro- 
duced at 3.6 X 10-6 mol/min for 60 min., and thus an 
Mg-doped GaN layer having a thickness of 4 ujn was 
grown on the GaN buffer layer. 

After cooled down, the substrate now having the 
above-described layers was taken out of the reaction 
vessel, and transferred into an electron beam irradiation 
dev.ee, where these layers were irradiated with electron 
beams havng an acceleration voltage of 15 kV while 
maintaining the surface temperature of the GaN layer at 
SOO'C by a heater. 

The Hall measurement was conducted on the elec- 
tron-beam-irradiated Mg-doped GaN layer. The results 
mdfcated that the obtained Mg^oped GaN layer had 
good p-type characteristics, i.e., a resistivity of 2 Ocm 
and a hole carrier density of 2 x I0 17 /cm 3 . 


SO, cap layer was removec witn hydrofluorc actd to 
expose the Mg«Joped GaN layer A Hall measures 
was conducted on the Mg^cped GaN layer so obta.nec 
The result indcated that the M S <toped GaN layer had 
good p-type charactenstics. i.e.. a resistrvity ol as low 
as 2 0<m and a hole carrier density of 2.0 x i0 ,7 /cnv 
Further, the photoluminescence intensity at 450 nm was 
about 4 tmes as high as that obtained in Embodiment 7 

10 Embodiment 10 


Embodiment 6 

A GaN buffer layer and Mg-doped GaN layer were 
grown as in Embodiment 7. Then, supply of the Cp-Mg 
gas was stopped, and a 0.1 um-thick-GaN layerwas 
grown thereon as a cap layer. 

As in Embodiment 7, these layers were irradiated 
wrth electron beams in the electron beam irradiation de- 
vice while maintaining the surface temperature of the 
^ er al 800 'C. Then, etching was performed to 
remove the 0. 1 u/n-thick-cap layer from the surface por- 
tion. and thus the Mg-doped GaN layer was exposed A 
Hall measurement was conducted on the Mg-doped 
GaN layer so obtained as in Embodiment 1 . The result 
indicated that the Mg-doped GaN layer had good p-type 
characteristics including a resistivity of 2 n*m. Further 
the intensity of blue-light emission ol photolumines^ 
cence at 450 nm was about 4 times as high as that of 
the GaN layer obtained in Embodiment 1 . 

Embodiment 9 

An Mg-doped GaN layer was grown on a substrate 
as m Embodiment 7. Then, the substrate was trans- 
ferred from the reaction vessel to a plasma CVD device 
where a 0.2 um-thtck S0 2 layer was formed thereon as 
a cap layer. 

After that, electron beam irradiation was carried out 
on the obtained layer, while maintaining the surface tern- 
perature at 800*0 in the irradiation device. Then the 


As m embodiment 7, an Mg-doped GaN layer was 
grown on a substrate in a reaction vessel, and the sub- 
strate was transferred into a plasma CVD device, where 
* a 0.5 um-thick Si 3 0 4 layer was formed on the grown lav- 
er as a cap layer. 1 
By use of an electron beam irradiation device the 
obtamed layers were irradiated wrth electron beams 
having an acceleration voltage of 15 kV while mamiam- 
" mg the surface temperature of the GaN layer at 1000*C 
by a heater Then, the Si 3 N 4 layer was removed by etch- 
*ng to expose the Mg-doped GaN layer. The Hall meas- 
urement was conducted on the electron-beamnrradiat- 
ed Mg^toped GaN layer. The resurts indicated that the 
» Mg-doped GaN layer so obtained had good p-type char- 
acteristics, i.e.. a resistivity of 2 flcm and a hole carrier 
density of 2X10^3 ^ ner 

For comparison, an Mg-doped GaN layer was 
formed on a substrate in the same manner as described 
above except that no cap layer was formed. It was found 
that the Mg-doped GaN layer with a cap layer formed 
thereon had about 15 times as high intensity of blue- 
light emission of photoluminescence at 450 nm as that 
of the Mg-doped GaN layer without a cap layer 


35 


Embodiment 11 


A 25nm-thick GaN buffer layer was grown on a sap- 
phire substrate as in Embodiment 7. 

" Then *supplyoftheonVTMGgaswasstopped.and 
the temperature was raised to t030*C. After that TMG 
gas was introduced at 54 x 10*« mol/min, and SiH 4 (mo- 
nosilane) gas was newly added at 2.2 x ifrio moi/min. 
for 60 minutes so as to grow a 4 um-thick Si-doped n- 

45 type GaN layer on the buffer layer. 

Next supply of the SiH 4 gas was stopped, and while 
introducing a stream of CpjMg gas at 3.6 X 10* moV 
mm for 10 minutes, a 0.5 u-thick Mg-doped GaN layer 
was grown. 

50 After that, supply of the TMG gas and CfcMg gas 
was stopped, and in a stream of hydrogen gas and am- 
monia gas, the layers formed on the substrate were 
cooled down to room temperature. Then, the substrate 
was transferred into a plasma CVD device, where an 

& SiOjcap layerhavinga thickness of 0.1 jim was formed. 
Next, as in Embodiment 7, by use of an electron beam 
irradiation device, these layers were irradiated with elec- 
tron beams while maintaining the surface temperature 
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of the layer at SOO'C 

The cap layer was removed by dipping ii into hy- 
drofluonc ac.d. ana a part of the p-type GaN layer of the 
element obtained was etched so as lo expose a part of 
n-type GaN layer. Then, an ohmic electrode is provided 
for each of the layers, and the element was cat tnto chip, 
like pieces by a dicing saw. Each of the electrodes were 
taken out from the n-type and p-type layers exposed on 
each chip. Each chip was molded into a blue-light-emft. 
ling diode. The obtained Bghi-emitthg diode exhibited 
characteristics, i.e.. blue-light emission with a peak 
wavelength at 430 nm, an output power of 50 uW at 20 
mA and a forward voltage of 4V at 20 mA. 

For comparison, another blue emitting element was 
obtained by electron beam irradiation m the same man- 
ner as above except that no cap layer was provided in 
this case Using this blue light emitting element, a blue 
light emming diode was obtained. The results of the 
measurement showed that the Mg-doped GaN layer 
without a cap layer had an output.power of 10 uW at 20 
mA 

Although the foregoing describes embodiments of 
Ga^JY (where 0 < x < 1) compound semiconduc- 
tors, a HI V Group compound semiconductor according 
to the present invention is not limited to Ga^Af^N and 
a IriyGa^N can also be used. 

The following are embodiments of manufacturing a 
p-type II-V1 Group compound semiconductor. 

Embodiment 12 


Embodiment 13 


A GaAs substrate having a N^odped ZnSe layer 
grown thereon as in Embodiment 1 2 tn a reaction ves- 
sel, was transferred into an electron beam irradiation oe- 
vice. where electron beam irradiation was carried out to 
the grown NKloped ZnSe layer at an acceleration of 10 
kV A Hafl measurement was conducted on the obtained 
N-dcped ZnSe layer. The results indicated that the N- 
doped ZnSe layer had good p-type characteristics i e 
a resistivity of as tow as 0 7 n-cm and a hole carrier deni 
srtyof 1 x I0 18 /cm3. 


Embodiment 14 


is 


An N-doped ZnSe layer was grown on a GaAs sub- 
strate as in Embodiment 12. and then a 0.1 unvthick 
ZnSe layer was grown thereon as a cap layer. 

After that, as in Embodiment 12. the substrate ob- 

*> tamed was annealed in an annealing device. Then the 
surface portion corresponding to a 0.1 unvthick layer 
was stripped by etching to remove the cap layer thereby 
exposing the Nxtoped ZnSe teyer. A Hail measurement 
was conducted on the obtained N-doped ZnSe layer 

* The result indicated that the N-doped ZnSe layer exhib- 
ited good p-type characteristics, i.e.. a resistivity of 0.6 
n-cm and a hole carrier density of 3 x lO^/cm 3 . 


Embodiment 15 


30 


A GaAs substrate was well washed, and placed in 
the susceptor in the reaction vessel. After creating a 
vacuum in the container, the substrate was heated at 
600°C for 10 min in a stream of hydrogen gas so as to 
remove the oxidized surface portion of the substrate. 
Then, the substrate temperature was lowered to 350*C 
While maintaining a temperature of 350«C, in a 60-mi- 
nutestream of DEZ gas serving as a Zn source at 4.0 X 
10- mot/min., H 2 Se gas serving as an Se source at 100 
x 10* mol/min.. and NH 3 gas as a source of N which 
serves as a p-type dopant at 200 X 10* mol/min, and 
hydrogen gas serving as a carrier gas at 2.0 l/min, an 
NKtoped ZnSe layer having a thickness of 4 pm was 
grown on the substrate. A Hall measurement was car- 
ned out on the grown N-doped ZnSe layer, and the re- 
sults showed that the N-doped ZnSe layer obtained had 
a resistivity of as high as 600 n-cm and a Hall carrier 
density of 1 x lO^/cm 3 . 

Next, the substrate having the layers thereon was 
taken out of the reaction vessel, and transferred into an 
annealing device, where these layers were annealed in 
a nitrogen atmosphere at atmospheric pressure and 
400*C lor 20 minutes. A Hall measurement was con- 
ducted on the annealed and N-doped ZnSe layer The 
result indicated that the N-doped ZnSe layer had good 
p-type characteristics, i.e., a resistivity of 0.8 fi-cm and 
a hole carrier density of 1 x 10 18 /cm 3 . 


An N-doped ZnSe layer was grown on a GaAs sub- 
strate as in Embodiment 1 2. and the substrate obtained 
was transferred from the reaction vessel to a plasma 
CVD device, where a 0.2 nm-thick.'Si0 2 layer serving 

« as a cap layer was tormed on the N-doped ZnSe layer. 
After that, as in Embodiment 13. onto the entire sur- 
face of the obtained layer, electron beam irradiation was 
earned out at an acceleration of is kV. Then, the Si0 2 
cap layer was removed by hydrofluoric acid to expose 

<° the N-doped ZnSe layer. A Hall measurement was con- 
ducted on the obtained N-doped ZnSe layer The results 
indicated that the N-doped ZnSe layer had good p-type 
characteristics, i.e., a resistivity of as tow as 0.6 n-cm 
and a hole carrier density of 2.0 x 10 18 /cm 3 . 

Claims 

1. A method of manufacturing a p-type gallium nitride 
50 semiconductor element by a vapour phase epitaxy 
method comprising the step of growing a gallium 
compound on a support, said support comprising at 
feast a substrate, by using a reaction gas, the reac- 
tion gas containing a p-type impurity and a source 
55 of hydrogen atoms, the hydrogen atoms being re- 
leased from the source and bonding to the p-type 
impurity, characterised in that the compound is an- 
nealed after growth at a temperature of 400° C or 
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2. A method according to claim 1 . characterised <n that 
uid gallium compound is represented by the gen- 
eral formula Ga^AI,.// (where O s x s i ). 

3. A method according to claim 1 or 2. characterised 
in that the compound is annealed at a temperature 
in the range of 600*C-1200*C. 

4. A method according to claim l , 2 or 3, characterised 
m that a cap layer ,s provided on said gallium com- 
pound before annealing 

5. • A method according to claim 4, characterised in that 
said cap layer is made of at least one material se- 
lected from Ga^AI^N (wherein O s x s 1) 
'^Ga^N (where 0 s y si ). AIN, SujN and S0 2 . 

6. A method according to any preceding claim, char- 
acterised in that said annealing is carried out h a 
nitrogen atmosphere pressurized to the decompo- 
sition pressure of the gallium compound at said an- 
nealmg temperature, or higher. 


7. A method according to any preceding claim, where- 
m the support comprises only a substrate, and the 
gallium compound is grown directly on the sub- 
strate. 

8. A method according to any one of claims 1 to 6 
where.n the support comprises a substrate and a 
buffer layer grown on the substrate, and wherein the 
gallium compound is grown directly on the buffer 
layer. 

9. A method according to claim 8, characterised in that 
said buffer layer is made of GaN. 

10. A method according to claim 7,8 or 9, characterised 
m that the substrate is made of at least one material 
selected from sapphire, SiC, GaAs and SL 

11. A method according to any preceding claim, char- 
actensed h that said reaction gas contains at least 
one of a gallium source selected from trimethyl ga j. 
lain and diethyl gallium, and an aluminium source 
selected from trimethyl aluminium and diethyl alu- 
minium, an indh/m source selected from trimethyl 
indium and diethyl indium, and a nitrogen source 
selected from ammonia and hydrazin. 

12. A method according to any preceding claim, char- 
acterised n that said p-type impurity is at least one 
of 2n ( Cd. Be, Mg ( Ca and Ba. 

13. A method according to any preceding claim, char- 
acterised in that the gallium compound is irradiated 


wrth electron beams wh.fe nantam.ng tn e surface 
temperature of the compound at S00-C or n,gher 

14 A method according to ctum 13, characterised in 

™ 0 ?J?>T*l™ ***** * COntrofle0 a 
range of 1 kV - 30 KV in said electron beam irradi- 
ation step. 

15. Amethodaccordingtoc-aimnor 14. characterised 
" that the surface temperature of the gallium com- 
pound is maintained in the range of 60CTC-1 200*C 

16. A method of manufacturing a p-type ll-Vl Group 
compound semiconductor element by a chemical 
vapour deposition method comprising the step of 
grow.ng a ll-Vl Group compound on a substrate by 
us.ng a reaction gas. wherein the reaction gas con- 
tains a p-type impurity and a source of hydrogen 
atoms, the hydrogen atoms be^g released from tne 
source and bonding to the p-type impurity, and the 
compound is annealed after growth at a tempera- 
ture of 300*C or higher. 

17. A method according to claim 16, characterised in 
that the compound is annealed at a temperature in 
the range of 400'C-1200*C 

1 8. Amethod according to claim 16 or 17, characterised 
m that the annealing is carried out in an atmosphere 
of a II group gas, a VI group gas, or a mixture there- 
of, pressurized to the decomposition pressure of the 
»-Vl group compound at said annealing tempera- 
ture, or higher. 

35 19- A method according to claim 1 6. 1 7 or 1 8. charac- 
terised by further comprising the step of forming a 
cap layer on said compound before annealing. 

20. A method according to claim 19, characlerised in 
that said cap. layer is made of at least one material 
selected from a ll-Vl compound semiconductor 

and SiO^. 

21. A method according to any of claims 16 to 20 char- 
's acterised in that the ll-Vl Group compound is grown 

on a substrate, which substrate is made of at least 
one material selected from GaAs, ZnSe, GaP and 
InP. 


50 22. A method according to any of claims 16 to 21, char- 
acterised in that the reaction gas contains at least 
one of a II group element source selected from di- 
ethyl zinc, diethyl cadmium and diethyl magnesium, 
and a VI group source selected from hydrogen se-' 
55 ienide and hydrogen sulphide. 

23. A method according to any of claims 1 6 to 22, char- 
acterised in that said p-type impurity is at least one 
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of N, Li and O 


24. A method according to any of claims 15 to 23 char- 
acterised h that the ll-VI Group compound s irra- 
diated with electron beams whBe maintaining the 
surface temperature of the compound at 300*C or 
higher 


25. 


A method according to daim 24, characterised in 
that the surface temperature of the ll-VI Group com- 
pound is maintained in the range of 300*C-1200'C 
in the electron beam irradiating step 


Patentanspruche 

1. Verfahren zur Herstellung eines Galliumnitrid-Halb- 
leiterelementes vom p-Typ durch ein Verfahren der 
Epitaxie aus der Dampfphase, enthaJtend den 
Schritt des Zuchtens einer Galliumverbindung auf 
einem mindesiens ein Substrat enthaltenden Tra- 
ger unter Verwendung eines Reaktionsgases, wo- 
bei das Reaktionsgas einen Storstoff vom p-Typ 
und eine Quelle von Wasserstoffatomen enthalt. die 
aus der Quelle freigesetzt und an den Storstoff vom 
p-Typ gebunden warden, dadurch gekennzeichnet. 
daG die Verbindung nach dem Wachslum bei einer 
Temperatur von 400° Oder hoher getempert wird 
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8. Verfahren nach irgendejr.em der Anspniche i bis 
6. wobei der Trager ein Substrat und eine auf dem 
Substrat gezuchtete Pufferschtchi aufweist und wc- 
bei die GaHiumverbindung direkt auf der Pjrter- 
schicht gezuchtet wird. 

9. Verfahren nach Anspruch 3. dadurch gekennzeich- 
net. daO d>e Pufferschicht aus GaN hergesteilt w.ro 

10. Verfahren nach Anspruch 7 6 Oder 9. dadurch ge- 
kennzeichnet, da/3 das Substrat aus mindestens ei- 
nem der Stoffe Saphir, SiC. GaAs und Si hergesteft 
ist. 


,5 11. Verfahren nach irgendeinem vorhergehenden An- 
spruch, dadurch gekennzeichnet. daO das Reafci- 
onsgas mindestens eines von folgendem enthalt. 
eine aus den Stoffen Tnmethy (gallium und Oiethyl- 
gallium ausgewihfte Galliumquelie und eine aus 
den Stoffen Trimethylaluminium und Diethylalumi- 
nium ausgewahfte AJuminiumquelle. eine aus den 
Stoffen Trimethylindium und Oiethylindium ausge- 
wahfte Indiumquelte und eine aus den Stoffen Arn- 
moniak und Hydrazin ausgewahlte Stickstoffquelle 
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2. 


4. 


Verfahren nach Anspruch 1, dadurch gekennzeich- 
net, da3 die Galliumverbindung der allgemeinen 
Forme! Ga^AI^N (wobei Osxsi) entspricht. 

Verfahren nach Anspruch 1 oder 2. dadurch ge- 
kennzeichnet. daft die Verbindung bei einer Tern* 
peratur von 6C0'C-1 200'C getempert wird. 

Verfahren nach Anspruch 1, 2 Oder 3, dadurch ge- 
kennzeichnet. daO vor dem Tempern" eine Deck- 
schicht auf der Galliumverbindung vorgesehen 
wird. 

Verfahren nach Anspruch 4, dadurch gekennzeich- 
net, dal) die Deckschicht aus mindestens einem der 
StoffeGa^NtwobeiOsx^l), IrUSa,.^ (wobei 
0 *y S 1). AIM. SigN und Si0 2 hergeste lit wird. 

Verfahren nach irgendeinem vorhergehenden An- 
spruch, dadurch gekennzeichnet, daB das Tempern 
in einer Stickstoffatmosphare durchgefuhrt wird, die 
auf den Zersetzungsdruck der Galliumverbindung 
bei der besagten Temperungstemperatur oder ho- 
heren Oruck gebracht ist. 

Verfahren nach irgendeinem vorhergehenden An- 
spruch, wobei der Trager nur ein Substrat aufweist 
und die Galliumverbindung direkt auf dem Substrat 
gezuchtet wird. 
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12.. Verfahren nach irgendeinem vorhergehenden An- 
spruch, dadurch gekennzeichnet. daO der Storstoff 
vom p-Typ mindestens einer der Stoffe Zn, Cd, Be, 
Mg, Ca, und Ba ist. 


13. Verfahren nach irgendeinem vorhergehenden An- 
spruch. dadurch gekennzeichnet, daB die Gallium- 
verbindung mit Elektronenstrahlen bestrahlt wird, 
wahrend die Oberflachentemperatur der Verbin- 

35 dung auf 600*C oder hoher gehalten wird. 

14. Verfahren nach Anspruch 13, dadurch gekenn- 
zeichnet. dafl bei dem besagten Schritt der Elektro- 
nenstrahl-Bestrahlung eine Beschleunigungsspan- 

40 nung nnemalb eines Bereichs von 1 kV - 30 kV ge- 
regett wird. 


15. Verfahren nach Anspruch 13 oder 14, dadurch ge- 
kennzeichnet, daO die Oberflachentemperatur der 
Galliumverbindung tm Bereich von 600°(M200*C 
gehalten wird. 


4$ 


so 
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16. Verfahren zum -Herstellen eines eine Verbindung 
von Elementen der II. und der VI. Gruppe aufwei- 
senden Halbleiterelementes vom p-Typ durch ein 
Verfahren chemischen Aufdampfens, enthaltend 
den Schritt des Zuchtens einer Verbindung von Ele- 
menten der II. und der Vi. Gruppe auf einem Sub- 
strat unter Verwendung eines Reaktionsgases. wo- 
bei das Reaktionsgas einen Storstoff vom p-Typ 
und eine Quelle von Wasserstoffatomen enthalt. die 
aus der Quelle freigesetzt und an den Storstoff vom 
p-Typ gebunden werden, und wobei die Vertmdung 


13 


25 


EP0 541 373 B1 


25 


nach dem Wachstum bei emer Temperatur von 
300* C Oder hoher geiempert wird. 

17. Verfahren nach Anspruch 16. dadurch gekenn- 
zeichnet. daft die Verbindung bei emer Temperatur 
im Bereich von 400 , -i200*C geiempert wird. 

1fl. Verfahren nach Anspruch 16 Oder 17, dadurch ge- 
kennzeichnet. dan das Tempem durchgefuhrt wird 
in einer Atmosphare eines Gases der II. Gruppe. 
eines Gases der VT Gruppe Oder einer Mischung 
daraus. wobei die Atmosphare aul den Zerstzungs- 
druck der aus Elementen der II. und der VI. Gruppe 
bestehenden Verbindung bei der besagten Tempe- 
rungstemperatur Oder hdheren Oruck gebracht ist. 

1 9. Vertahren nach Anspruch 1 6 Oder 1 7, gekennzeich- 
net durch lerner enthaltend den Schritt des Bildens 
einer Deckschicht auf der besagten Verbindung vor 
dem Tempern. 

20. Vertahren nach Anspruch 19, dadurch gekenn- 
zeichnet. dafl die Deckschicht aus mindestens ei- 
nem der folgenden Stoffe hergestellt ist: eine Ver- 
bindung von Elementen aus der II. und der VI. Grup- 
pe, Si 3 N 4 und Si0 2 . 

21. Verfahren nach irgendeinem der Anspruch 16 bis 

20, dadurch gekennzeichnet, daB die Vferbindung 
von Elementen der II. und der VI. Gruppe auf einem 
Substrat gezuchtet wird, das aus mindestens einem 
der Stoffe GaAs, ZnSe.GaP und InP hergesteBt ist. 

22. Verfahren nach irgendeinem der Anspruche 16 bis 

21, dadurch gekennzeichnet, daft das Reaktions- 
gas mindestens eines von folgendem enthalt: eine 
aus den Stoffen Oiethylzink, Diethylcadmium und 
Diethylmagnesium ausge wahlte Quelle fur Elemen- 
te der II. Gruppe und eine aus den Stoffen Hydro- 
genselenid und Hydrogensulfid ausgewahlte Quel- 
le fur Elemente der VI. Gruppe. 

23. Verfahren nach irgendeinem der Anspruche 16 bis 

22, dadurch gekennzeichnet, daB der Storstoff vom 
p-Typ mindestens einer der Stoffe N, U und O ist. 

24. Verfahren nach irgendeinem der Anspruche 16 bis 

23, dadurch gekennzeichnet daB die Verbtndung 
von Elementen der II. und der VI. Gruppe mit Elek- 
tronenstrahlen bestrahlt wird. wahrend die Oberfla- 
chentemperatur der Verbindung auf 300* C oder ho- ' 
her gehatten wird. 


Revendications 

1 . Precede de fabrication <j'un element sem.<onouc. 
leur au nitrure de gallium de :ype p au moyen d'un 
precede tfepitaxie en phase vaoeur comprenant 
re - tape consistant a faire croitre un compose du gal- 
lium sur un support, (edit suoport comprenant au 
moins un substrat en utiiisant un gaz reactionnel, 
le gaz reactionnel conterant une impurete de type 
p et une source cfatomes d*hydrogene. les atomes 
cfhydrogene etant liberes de la source et se liant a 
rimpurete de type p, caracterise en ce que le com- 
pose est recurt apres croissar.ee a une temperature 
de 400*C ou plus. 

2. Proctde selon la revendicatton l . caracterise en ce 
que ledit compose du gallium est represent par la 
formule generale Ga^AI^N (ou 0 < x < 1 ). 

3. Precede selon la revendication 1 ou 2, caracterise 
en ce que le compose est recuit a une temperature 
dans la plage de 600'C a l 200°C 

4. Proceed selon la revendication 1. 2 ou 3, caracte- 
rise en ce qu'une couche de protection est disposes 
sur ledit compose 1 du gallium avani le recuit. 

5. Precede selon la revendication 4, caracterise en ce 
que ladite couche de protection est constitute au 
moins d'une matiere choisie parmi Ga^AI^N (ou O 
£ x £ 1 ), InyGa^yN (oil 0 S y s 1 ). AIN, Si 3 N et Si0 2 . 

6. Proctde seion rune queiconque des revendications 
precedentes. caracterise en ce que ledit recuit s'ef • 
fectue dans une atmosphere tfazote pressurisee a 
ia pression de decomposition du compost du gal- 
lium a ladite temperature de recuit ou superieure. 

7. Precede selon Tune queiconque des revendications 
prectdentes, dans lequel le support ne comprend 
qu'un substrat et le compose du gallium croit direc- 
tement sur le substrat. 

8. Precede selon Tune queiconque des revendications 
1 d 6, dans lequel le support comprend un substrat 
et une couche tampon que Pon a lait croitre sur le 
substrat, et dans lequel le compose du gallium croit 
directement sur la couche tampon. 

9. Procedt selon la revendication 8, caracterise en ce 
que ladite couche de tampon est constitute de 
GaN. 


25. Verfahren nach Anspruch 24, dadurch gekenn- 
zeichnet, daB cfie Oberflachentemperatur der Ver- 
bindung von Elementen der II. und der VI. Gruppe 
beini Schritt der Elektronenstrahl-Bestrahlung im 
Bereich von 300*0-1 200°C gehalten wird. 


10. Precede selon la revendication 7, 6 ou 9, caracte- 
rise en ce que le substrat est constitue" d'au moins 
une matiere choisie parmi le saphir, SiC ; GaAs et Si. 

1 1 . Precede selon Pune queiconque des revendications 
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precedents, caracterise en ce que lecfit ga2 reac* 
tionnel contient au moins un element parmi une 
source de gallium chocsie parmi le tnmethyigallium 
et fe dielhylgaltium. et une source tfaluminium choi- 
sie parmi le trimethylalumiriium et le diethylalumi- 
mum, une source tfindium choisie parmi le trime- 
thyfindium et le diethytindium. et une source <f wote 
choisie parmi r ammoniac et hydrazine. 

12. Precede selon I'une queteonque des revendicaiions 
precedents, caracterise en ce que tactile impurete 
p est au moms un element parmi 2n. Cd Be Mo 
Ca et Ba. ' 

1 3. Precede selon Tune queteonque des revendicaiions 
precedentes, caracterise en ce que le compose" du 
gallium est irradie par des faisceaux ^electrons la 
temperature de surface du compose etant mainte- 
nue a 600 # C ou plus. 

14. Precede selon la revendication 13. caracterise en 
ce qu'une tension tfacceleration est regulee dans 
une plage de 1 kV a 30 kV dans tadite etape cfirra- 
diation par faisceau electrons. 

15. Precede selon la revendication 13 ou 14, caracte- 
rise en ce que ta temperature de surface du com- 
pose de gallium est'maintenue dans la ptaoe de 
600*C a 1 200*C. ■ 
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20. Procede selon la revendcanon 19. caracterise >n 
ce que tadite couche de protection est constituee 
au moms un materiau ch CIS1 parm, un sem.<onduc. 
teur de compost des Groupes IUV. Si 3 N 4 et Si0 2 

21. Prccedeselc^runec^eiconquedesrevendicarons 
16 a 20. caracterise en ce que le compose des 
Groupes II-VI croit sur un substrat. lequel substrat 
est constrtue d* au moins une matiere chois.e parmi 
GaAS.ZnSe.GaPetlnP 

22. Procedeselon Tune queteonque des revendicaiions 
16 a 21. caracterise en ce que le gaz reactionnel 
contient au moins un element parmi une source 
cfun element du Groupe II choisie parmi le diethyl- 
zmc ( le d.ethylcaamium et le diethylmagnesium et 
une source du Groupe VI choisie parm. le selenure 
efhydrogene et le sul/ure cfhydrogene. 

23. Procede selon Tune queteonque des revendicaiions 
16 a 22. caracterise en ce que ladite impurete de 
type p est au moins un element parmi Kl, Li et O. 

24. Procede selon Tune queteonque des revendicaiions 
16 a 23, caracterise en ce que le compose des 
Groupes II-VI est irradie par des faisceaux elec- 
trons, la temperature de surface du compose Slant 
maintenue a 300*C ou plus. 


16. Procede de fabrication cfun element semi-conduc- 
leur de type p a base cfun compose des Groupes 
II-VI au moyen cfun procede de depot chimique en 
phase vapeur comprenant I'etape consistant a faire 
cro.tre un compose des Groupes II-VI sur un subs- as 
trat en utilisant un ga2 reactionnel. dans lequel le 
gaz reactionnel contient une impurete de type p et 
une source cfatomes dtiydrogene, les atomes dTiy- 
drogene etant iiberes de la source et se liant a I'im- 
purete de type p et le compose est recuit apres «o 
croissance a une temperature de 300*C ou plus. 

17. Procede selon la revendication 16. carecteris* en 
ce que le compos* est recuit a une temperature 
dansbptagede400*Cal200»C. 45 

18. Procede selon la revencfcalion 16 ou 17 t caract*- 
rise* en ce que le recuit est effectue dans une at- 
mosphere cfun gaz du Groupe II, un gaz du Groupe 

VI ou un melange de ceux-ci pressurise a la pres- so 
sion de ^composition du compos* des Groupes II- 
VI a ladite temperature de recuit ou superieure. 

1 9. Precede selon la revendication 1 6. 1 7 ou 1 8, carac- 
terise en ce qu'U comprend de plus I'etape consis- ss 
tanl a former une couche de protection sur ledit 
compos* avant recuit. 
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Procede selon la revendication 24. caracterise en 
ce que la temperature de surface du compose des 
Groupes II-VI est mainienue dans la plage de 
300'C a 1200'C dans I'etape d'irradiation par fais- 
ceau d'etectrons. 
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